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2this representation, where the form factors of the compo-
nents are non local, with a direct and an exchange term
and given in terms of sums of Yukawa forms, the ranges
and strenght of each term being determined by tting
the on-shell NN scattering data. The FL transition am-
plitude is usually referred as a pseudo-T-matrix since it
is not constructed from a potential model and violates
unitarity badly [14].
In the example of nucleon elastic scattering on a spin-
zero target only the central, A, and spin-orbit, C, com-
ponents contribute to the rst order term of the multi-
ple scattering expansion of the optical potential [3, 4].
Second and higher order terms, however, involve contri-
butions from all components [6]. Of course, for elastic
scattering from a non spin-zero nucleus, or for inelas-
tic scattering involving spin-ip transitions of a struck
nucleon in the target, a full treatment of the scattering
amplitude needs to be considered. In these applications,
approximate treatments need to be performed to handle

























kj, and m = `  n [6, 16].
In elastic scattering processes involving a more general
target, and in inelastic scattering, in which the full spin
dependence of the interacting nucleons enters, the NN
































) is the irreducible tensor operator for the
projectile particle (0) with spin s
0







is the irreducible tensor operator for the struck particle
(1) with spin s
1
(b = 0; : : :2s
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(1) the spherical components of ~
1
with respect




pend on the isospin of the two nucleons. The amplitudes
relevant to the pp, pn, and nn cases are obtained from
the isospin singlet (T = 0) and triplet (T = 1) ampli-




! and T will not be shown in the following.
We rst decompose the NN amplitude of Eq. (2) into






, where  and 
0
refer to the incident and nal state






































KSi are in any case calculated
during the construction of the NN amplitudes from the





















































































= 135 MeV, as a function of
































































































































































The partial wave sums are, of course, over values which
satisfy the Pauli principle requirement, L+ S + T=odd.
It is now convenient to reexpress the spin-space projec-
tor in terms of irreducible tensor operators in the space












where 0    2S, and ^ =
p








(S), and so the spin tensor decom-























































It just remains to decompose the spin tensors for spin




) (i = 0; 1), of the incident (0)
















































































(a; b) ; (15)





































(a; b) ; (17)































































can be expressed in terms of the
transfered momentum q, total momentumQ, and the an-
























































terms with a = b =  = 1 are seen to be zero as
a result the vanishing of the 9-j coecient. As a re-












For illustrative purposes, we show in here the calcu-






making use of the Paris potential [9]. We use NNAMP
[18] which calculates all the Wolfenstein and tensor rep-



















































































, following the procedure
described in the text. These angular momentum ampli-
tudes are obtained as in the work of [1, 19]. For this
particular example, we have used a maximum number of
six partial waves.
We have veried that the tensor amplitudes do not
vary strongly with energy and with the angle . From
all the amplitudes, only M
00
11
(and thus the Wolfenstein
amplitude C) represented in Fig. 1, shows a slight depen-
dence on , the other amplitudes remaining fairly inde-
pendent on this parameter. In this gure, the calculated
amplitudes are evaluated at q = 1 fm
 1
, the solid and
the dashed lines corresponding to  = =2 and  = =4
respectively. The arrow indicates the on- shell value.
In Figs. 2 and 3, we represent the real and imaginary
parts of the isoescalar components in the isospin space.
In Fig. 4 and Fig. 5 we show the corresponding isovector
components.
The amplitudes are represented as a function of the
transfered momentum q and the total momentumQ. The
angle  between these two vectors taken to its on- shell
value,  = =2. The axis of quantization is chosen in the
direction of the incident beam. The curve represented in
each 3D plot represents the corresponding on- shell value.
It follows from the gures that eect of the nonlocali-







, might be signicant when used in
multiple scattering frameworks. The amplitudes in other
reference systems, can be readily obtained from these,
through rotation.
IV. CONCLUSION
In summary, we have described a convenient general
method to express the NN transition amplitude as a lin-
ear combination for the spherical components of the spin
operators of the two interacting particles. This is a more
treatable representation to be used in multiple scattering
formalisms which required a full treatment of the spin of
the NN transition amplitude.
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